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METHOD, DEVICE AND SYSTEM FOR
AGGREGATION OF SHARED ADDRESS
DEVICES

CLAIM OF PRIORITY

This application is a U.S. National Phase application
under 35 U.S.C. §371 of International Application No.
PCT/US2011/067011, filed Dec. 22, 2011, entitled
“METHOD, DEVICE AND SYSTEM FOR AGGREGA-
TION OF SHARED ADDRESS DEVICES,” the entire
contents of which are incorporated herein by reference.

BACKGROUND

1. Technical Field

Embodiments generally relate to device aggregation for a
computer platform. More particularly, certain embodiments
relate to representing a resource in one physical device of a
computer platform to a host OS as residing in another
physical device of the computer platform.

2. Background Art

In a conventional computer platform, a storage host bus
adapter (HBA) provides for a host an interface to one or
more platform devices (e.g. disks) and/or a network HBA
provides for the host an interface to one or more network
devices. A host operating system (OS) of such a computer
platform traditionally treats each adapter device attached
directly to a host bus as an independent entity, where each
of'the attached devices is managed by an independent device
driver instance.

For example, FIG. 1 illustrates a conventional computer
platform 100 including hardware 110 and software 105
which executes, for example, with a processor and memory
(not shown) of computer platform 100. Hardware 110
includes both a storage HBA 170a and a network HBA 1705
and a host bus 160—for example, a Peripheral Component
Interconnect (PCI) bus, PCI Express bus, and/or the like—
coupled thereto. Storage HBA 170a¢ makes an adapted
device—e.g. a disk 180—available for the host to access via
host bus 160, where storage HBA 170a terminates transac-
tions on the host-facing side, and instantiates a substitute set
of transactions (of a protocol different from that of the
host-bus) on the device-facing side. Storage HBA 170q is
able to do so as it deals with a host bus 160 addressing
domain that is different from the device bus 190 addressing
domain.

Under current techniques, a driver A 140a and a separate
driver B 1405 of software 105 are needed to operate storage
HBA 170a and network HBA 1704, respectively. A host OS
125 of software 105 includes an OS input/output (I/O) stack
120 for storing I/O information, and an OS 1/O interface 130
for host OS 125 to perform respective 1/O with storage HBA
170a and network HBA 1705 by variously exchanging 1/0
information with various driver processes such as driver A
140g and driver B 1405.

An increasing number and variety of [/O devices, such as
PCle-based storage devices (e.g. PCle SSDs, PCle Hybrid
drives) for example, are capable of attaching to a host bus
directly—e.g. by virtue of their capacity for fast bus com-
munication rates—without the need of any intermediary
HBA. Directly coupling such devices to a host bus moves
the burden of aggregation of such devices to host software.
Conventionally, host OS 125 is needed to manage aggrega-
tion across multiple directly-coupled host bus devices
through their respective drivers (for example driver A 140a
and driver B 1405).
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2

However, aggregation at layers above driver A 140a and
driver B 1405 poses many problems, including long latency,
for example. In the architecture of some host OSes, for
example, driver instances (even for similar /O devices) are
not permitted to communicate directly with each other,
except through upper layer filter drivers (not shown). More-
over, some OSs require OS /O interface 130 to include
functionality to handle PCl-level hardware events (e.g.
hotplug, power, errors, and designating driver load order).
Linux OSs do not even support hot-plugging of some host
bus switches, for example. Various events specific to the host
bus, such as PCl-related or PCle-related events, are cur-
rently handled directly by the OS’s host bus driver pro-
cesses—e.g. PCle bus driver instances 150a, 1506—leaving
no opportunity for the individual I/O device driver instances
to coordinate an aggregation-aware response. For example,
various /O device insertions, removals, errors, or power
state events are handled at host OS 125. Each child device
driver instance is not expected to behave as its parent
volume driver, since, for example, only its parent volume
driver holds knowledge and expected behavior of the mul-
tiple child devices as a volume. Such problems make it
difficult for separate I/O device driver instances to efficiently
provide coordinated device aggregation.

BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments of the present invention are
illustrated by way of example, and not by way of limitation,
in the figures of the accompanying drawings and in which:

FIG. 1 is a block diagram illustrating features of a
conventional computer platform for providing device aggre-
gation.

FIG. 2A is a block diagram illustrating features of a host
system for providing device aggregation according to an
embodiment.

FIG. 2B is a block diagram illustrating features of a host
system for providing device aggregation according to an
embodiment.

FIG. 3 is a block diagram illustrating features of an
aggregation device according to an embodiment.

FIG. 4A is a flow diagram illustrating features of'a method
for configuring an aggregation device according to an
embodiment.

FIG. 4B is a flow diagram illustrating features of'a method
for operating an aggregation device according to an embodi-
ment.

FIG. 5 is a block diagram illustrating features of a
computer platform for managing resources of an aggregate
device according to an embodiment.

FIG. 6 is a block diagram illustrating features of a
computer platform for providing device aggregation accord-
ing to an embodiment.

FIG. 7 is a flow diagram illustrating features of a memory
mapping to support management of resources of an aggre-
gate device according to an embodiment.

DETAILED DESCRIPTION

Embodiments described herein variously provide for
operation of a device, referred to herein as an aggregation
device (AD), including hardware to aggregate a set of host
bus devices of a computer platform into a combined group
(referred to herein as a “volume”). Unlike current HBA
techniques, for example, an AD may, in an embodiment,
aggregate itself and one or more other devices, where the
aggregate is represented as a single device to a host OS and
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aggregated devices are visible globally in a shared address
space. Since only a single device is presented to host
software, operation of AD hardware may, for example, allow
respective logical drivers for one or more host bus devices
of'a volume to appear as a single driver instance to host OS.
In certain embodiments, AD functionality may provide
domain isolation such that errors and/or other events of the
domain are contained within the domain and do not affect
the normal functioning of the computer platform. In another
embodiment, the AD may provide error and/or event aggre-
gation to enable volume-aware handling.

With respect to an AD, the terms “aggregate,” “aggre-
gated,” “aggregating,” “aggregation,” etc. variously refer
herein to the representation, in one or more respects, of a set
of resources as residing within a single (aggregate) device of
a computer platform, where the set of resources includes
resources which actually reside in different respective physi-
cal devices of the computer platform.

A physical device having one or more resources which are
to be represented as belonging to some other (physical or
merely logical) device is referred to herein as a “child
device”. Similarly, a device referred to herein as a “parent”
device may serve as the device into which child device
resources are logically aggregated for representation to the
host OS. In an embodiment, a parent device may be a
physical device represented as such to the host OS. How-
ever, the host OS may be unable to identify, in one or more
respects, that the parent device does not physically include
one or more child device resources. By way of illustration
and not limitation, various embodiments may prevent one or
more mechanisms for the host OS to determine that a
represented aggregate device is instead an aggregation of
resources in different respective physical devices. Alterna-
tively or in addition, various embodiments may prevent one
or more mechanisms for the host OS to identify a child
device as being a distinct physical device.

As used herein, “host bus” refers to a bus, link, intercon-
nect, and/or the like of a computer platform which
exchanges /O communications using a shared address
space. A host bus may, for example, include a bus conform-
ing with a Peripheral Component Interconnect (PCI) stan-
dard of the PCI Special Interest Group (PCI-SIG)—e.g. the
PCI 3.0 local bus specification of Aug. 12, 2002, the PCI
Express (PCle) 3.0 specification of November 2010, and/or
the like. A “shared address space” refers to a set of addresses
known to multiple devices, allowing one such device to
manipulate and/or communicate with another such device
over a bus by referencing the shared address space—e.g. by
specifying one of the set of addresses—in a communication
exchanged over that bus. Such a communication may be an
instruction to load or store (equivalently, read or write) data
to an address known to both devices. An address may
identify a memory location, resource of a device, a register
of a device, a function of a device, and/or the like. In an
embodiment, the host bus is coupled between a physical
device of the computer platform which includes an AD and
which further includes, or is coupled to, an I/O device which
is to operate as a child device of an aggregate device
represented to the host OS. The host bus may further couple
a processing unit of the computer platform—e.g. a CPU—to
all I/O devices which might be designated to serve as a child
device of some aggregate device.

To illustrate features of certain embodiments, various
features of an aggregation device are discussed herein with
reference to a child device which resides in the same
computer platform as does the aggregation device. However,
such discussion may be extended to additionally or alterna-
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tively apply, according to different embodiments, to an
aggregation device aggregating a child device which resides
on another computer platform. Such a child device may, for
example, reside on a second computer platform coupled to
a first computer platform which includes the aggregation
device. The two platforms may, for example, be coupled via
a network interface which includes aggregation functional-
ity such as that discussed herein. In an embodiment, a host
OS of the first computer platform may share an address
space with one or more resources of the second platform—
e.g. where the host OS references the shared address space
when communicating via a host bus of the first communi-
cation platform.

In certain embodiments, a parent device may be imple-
mented by a subset of hardware in a larger physical device—
e.g. where the subset of hardware includes circuit logic to
represent the subset as being a distinct physical host bus
device. For example, AD hardware may, in certain embodi-
ments, include logic to provide PCI configuration space data
(bus/device/function identifiers, etc.) or other such enumera-
tion information to represent itself to the host OS as being
a distinct I/O device—e.g. an endpoint device—which is
attached to the host bus.

An AD may include logic to receive and store information
(referred to herein as “resource information”), some or all of
which is for configuring I/O access to a parent device and/or
a child device. Such resource information may, for example,
include or otherwise be based on input data provided by a
user to define a volume configuration for the computer
platform. Alternatively or in addition, such resource infor-
mation may be retrieved from non-volatile memory—e.g.
during boot-time configuration of the computer platform.
For example, such resource information may be retrieved by
a BIOS process, a Unified Extensible Firmware Interface
(UEFI) process or other such executing software and pro-
vided to the AD.

FIG. 2A illustrates select elements of a system 2004 in a
computer platform for providing device aggregation accord-
ing to an embodiment. System 200q includes a processing
unit 210 coupled to a host bus 230 for communicating with
one or more I/O devices (not shown) of the computer
platform. Processing unit 210 may be coupled to one or
more additional or alternative host buses, according to
different embodiments, for variously communicating with
different /O devices of the computer platform.

Processing unit 210 may include one or more processing
cores, represented by an illustrative cores 215aq, . . . , 215n.
In an embodiment, a host OS may execute on one of cores
215a, ..., 215n. As used herein, “host OS” refers to a lowest
level OS executing on a computer platform—e.g. where any
virtual machines, guest OSs or other virtualization processes
of the computer platform run on top of the host OS. In an
embodiment, the host OS includes an OS 1/O stack and an
O8S T/O interface for communication between the OS I/O
stack and one or more device drivers.

As used herein, “I/O device” refers to a device in a
computer platform which provides information to, and/or
receives information from, a processor core of a computer
platform. Such information may include command, address
and/or data information—e.g. including information to be
stored locally on the /O device and/or to be forwarded by
the I/O device to one or more other devices residing on, or
outside of, the computer platform. By way of illustration and
not limitation, an I/O device may include one or more of a
solid state drive (SSD), a hard disk drive (HDD), a bridge,
a switch, a host bus adapter (HBA), a network interface
and/or the like. In an embodiment, an 1/O device coupled to



US 9,460,040 B2

5

processing unit 210 via host bus 230—e.g. a HBA, bridge,
switch, etc.—may also couple one or more other I/O devices
to host bus 230.

Cores 215a, . . ., 2157 may be coupled to an uncore 220
of processing unit 210 which, in an embodiment, includes
1/0 logic 222—e.g. controller logic to support communica-
tion with one or more 1/O devices by the host OS. By way
of illustration and not limitation, I/O logic 222 may include
host bus controller hardware to control a host bus 230—e.g.
a PCI bus, a PCle bus and/or the like.

1/O logic 222 may include AD 224 for aggregation of one
or more resources of one or more I/O devices coupled to host
OS 230. By way of illustration and not limitation, AD 224
may provide child device resource information which, for
example, facilitates representation of an aggregate device to
an /O manager of the host OS running on cores 215a, . . .
215n. Processing unit 210 may also be considered an AD at
least insofar as AD 224 is a component of processing unit
210 which provides its device aggregation functionality. In
an embodiment, AD 224 may be included in an /O hub, a
memory controller hub, a switch, a bridge, a northbridge, a
southbridge and/or the like, which may or may not be
integrated into uncore 220. In an embodiment, AD 224 is
in-line hardware exchanging messages between some or all
of cores 215a, . . . , 215z and host bus 230. In another
embodiment, AD 224 provides aggregation functionality for
configuring software to process such messages—e.g. where
host bus 230 a driver process executing with cores
215a, . . ., 2151 exchange such messages along a hardware
communication path which is independent of AD 224.

A single AD driver instance for driving operation of AD
224 may manage [/O access to one or more aggregated child
devices. Some or all child devices of the aggregate device
may be hidden from the host OS. For example, addresses of
configuration registers and/or data registers of a device may
be available to the host OS /O manager only through AD
224 and/or the AD driver. While register addresses of these
devices may be hidden from direct detection by the host OS,
the AD driver may access the registers directly without
redirecting the communication with the AD. Even ports,
links, and bridges may be taken over by AD hardware 224,
allowing coordinated management across child devices
within a single driver instance.

FIG. 2B illustrates elements of a system 2006 in a
computer platform for providing device aggregation accord-
ing to an embodiment. System 2005 may provide some or all
of the functionality of system 2004, for example.

In an embodiment, system 20054 includes a processing
unit 250 coupled to aggregation 260 via an interconnect 255
and a host bus 270 coupled to AD 260. Processing unit 250
may include one or more processor cores (not shown) to
execute a host OS and one or more device drivers. For
example, processing unit 250 may provide some or all of the
processing functionality of the one or more cores
215a, . . ., 215n, although certain embodiments are not
limited in this regard. AD 260 may be dedicated for device
aggregation or, alternatively, may provide aggregation func-
tionality incorporated into an I/O hub, a memory controller
hub, a switch, a bridge, a northbridge, a southbridge or other
device.

AD 260 may couple processing unit 250 to host bus 270
and, in an embodiment, to one or more /O devices (not
shown) which are also coupled to host bus 270. In an
embodiment, AD 260 provides some or all of the function-
ality of AD 224. In an embodiment, AD 260 represents itself
in one or more respects to the host OS as including one or
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more resources which actually reside in one or more child
devices (not shown) which are coupled to AD 260 via host
bus 270.

Based on such representation, a single AD driver instance
for driving operation of AD 260 may manage /O access to
the aggregated devices. Some or all child devices of the
aggregate device may be hidden from detection by the host
OS. For example, the resources of a child device, which may
include its configuration registers, I/O registers, and/or the
like, may be available to the host OS only through AD 260
and/or the AD driver. Even ports, links, and bridges may be
taken over by AD 260, allowing coordinated management
across the devices within a single driver instance.

FIG. 3 illustrates some elements of a AD 300 according
to an embodiment for supporting, at least in part, informa-
tion describing a set of resources of one or more child
devices. The information, for example, may include refer-
ences to resources of different devices coupled to a host bus
of the computer platform. AD 300 may include some or all
of the functionality of AD 260 or of processing unit 210,
although certain embodiments are not limited in this regard.

In an embodiment, AD 300 includes a control logic 340
including hardware—e.g. data storage, circuit logic, etc.—to
support at least in part representation of an aggregate device
to a host OS of the computer platform. For example, the
control logic 340 may represent an aggregate device by
representing resources of one or more child devices as
resources belonging to AD 300. AD 300 may further include
host bus interface 310 to couple AD 300 to the host bus of
the computer platform. Host bus interface 310 may include
connector hardware, protocol logic and/or the like to support
control logic 340 connecting to and/or communicating via
the host bus. For example, host bus interface 310 may
include PCI and/or PCle interface logic, although certain
embodiments are not limited in this regard.

AD 300 may additionally or alternatively include proces-
sor interface 320 to exchange communications between
control logic 340 and one or more processor cores of the
computer platform. The one or more processor cores may
execute a host OS, for example. In an embodiment, proces-
sor interface 320 may be to couple AD 300 to a processing
unit including the one or more cores—e.g. via a system bus
or other such interconnect.

AD 300 may include resource information 350 compris-
ing information about resources of one or more child
devices. In an embodiment, resource information 350 may
contain addresses of configuration registers, /O registers,
and/or the like, of one or more child devices. In an embodi-
ment, such addresses may be part of a shared address space
shared among child devices, the AD, cores, processing units,
system memory, and/or the like.

FIG. 4A illustrates some elements of a method 400,
according to an embodiment, for configuring an AD of a
computer platform. Method 400 may be performed by a
computer platform which some or all of the functionality of
system 200a or of system 2005—e.g. during pre-boot opera-
tion of the computer platform. For example, method 400
may, for example, be performed by a pre-boot process—e.g.
firmware interface software such as BIOS software, UEFI
software and/or the like—which executes on a processing
unit before a host OS is to execute.

Method 400 may include, at 410, determining a configu-
ration for an AD of the computer platform. The AD may, for
example, include some or all of the features of AD 300,
although certain embodiments are not limited in this regard.
In an embodiment, the AD is coupled to a processor core for
executing a host OS of the computer platform, and further
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coupled via a host bus to a first input/output (I/O) device, the
host bus for exchanging communications referencing a
shared address space.

In an embodiment, determining the configuration for the
AD at 410 includes identifying that the first /O device is to
operate as a child device of the AD. For example, the
determining at 410 may retrieve from non-volatile memory
aggregation information identifying which /O devices,
ports, links, switches, connections, and/or the like of the
computer platform should be aggregated by the AD, and/or
whether the host bus should be extended to devices which
should be aggregated by the AD.

Method 400 may further include, at 420, generating
resource information to implement the determined configu-
ration of the AD. Generating the resource information at 420
may, for example, include a pre-boot process performing an
enumeration of devices which the determined configuration
indicates are to operate as child devices of the AD. The
pre-boot process may, for example, assign unique numbers
to ports, links, switches, connections, buses and/or the
like—e.g. the numbers for runtime software to reference for
accessing the child devices.

Alternatively or in addition, generating the resource infor-
mation at 420 may include determining a total amount of
resources required for an aggregate device, wherein the AD
is a parent device of the aggregate device and the first [/O
device is a child device of the aggregate device. For
example, a pre-boot process may determine the respective
sizes of configuration register spaces and/or 1/O register
spaces of AD and the child devices, and calculate a sum of
the respective sizes.

Method 400 may further include, at 430, providing the
resource information to the AD—e.g. for configuration of
the AD to expose the AD and the resources of one or more
child devices as an aggregate device. Based on the resource
information provided at 430, the AD may represent a
resource in the first [/O device to the host OS as residing in
the AD. Such a representation may, for example, include the
AD representing an address in the shared address space to
the host OS as addressing the resource. For example, con-
figuration and I/O registers belonging to child devices may
be assigned addresses in the shared address space which
appear to be assigned to registers of the AD. In an embodi-
ment, providing the resource information at 430 is to con-
figure the AD to request from the host OS an allocation of
the total amount of resources. The AD may thus be config-
ured to represent enough address space to uniquely represent
as its own registers, all registers of all child devices and the
AD.

FIG. 4B illustrates some elements of a method 450,
according to an embodiment, for operating an AD of a
computer platform. Method 450 may be performed, for
example, by an AD having some or all of the features of AD
300.

Method 450 may include, at 460, receiving at the AD
resource information generated by a pre-boot software pro-
cess of the computer platform—e.g. the resource informa-
tion provided according to operations such as those of
method 400. In an embodiment, the AD is coupled to a
processor core for executing a host OS of the computer
platform, and further coupled via a host bus to a first
input/output (I/O) device, the host bus for exchanging com-
munications referencing a shared address space.

Method 450 may further include, at 470, representing a
resource in the first [/O device to the host OS as residing in
the AD, the representing based on the received resource
information. In an embodiment, the representing the
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resource at 470 includes representing an address in the
shared address space to the host OS as addressing the
resource. The representing may be performed with a device
driver process for the AD—e.g. where the resource infor-
mation received at 460 includes information associated with
the first /O device, and wherein representing the resource to
the host OS includes the AD providing the information
associated with the first I/O device to the device driver.

The resource information 460 may configure the AD for
various additional operations (not shown), according to
different embodiments. By way of illustration and not limi-
tation, the AD may be configured to perform an access of the
first /O device in response to an 1/O request from the host
OS which targets the address in the shared address space.
Such an access may, for example, be based on the AD
including or otherwise accessing memory mapping infor-
mation indicating a correspondence of the resource with the
address in the shared address space. Alternatively or in
addition, the AD may be configured to block an enumeration
request of the host OS to prevent an identification of the first
1/0O device as being a distinct physical device residing on the
computer platform.

FIG. 5 illustrates elements of a computer platform 500 for
implementing device aggregation according to an embodi-
ment. Computer platform 500 may, for example, perform
some or all of the operations of method 400.

In an embodiment, computer platform 500 is a hardware
platform of a personal computer system such as a desktop
computer, laptop computer, a handheld computer—e.g. a
tablet, palmtop, cell phone, media player, and/or the like—
and/or other such computer system. Alternatively or in
addition, computer platform 500 may provide for operation
as a server, workstation, or other such computer system.

Computer platform 500 may include some or all of the
functionality of system 200a and/or system 2005, for
example. By way of illustration and not limitation, computer
platform 500 may include aggregation device (AD) 512 to
provide functionality of AD 224. AD 512 may expose
resources of one or more child devices to executing soft-
ware, wherein the AD 512 is coupled to a processor execut-
ing a host OS and further coupled to via a host bus one or
more I/O devices.

To illustrate certain elements of one or more embodi-
ments, AD 512 is shown residing in I/O bridge hardware 514
of a system on chip (SoC) device 510 which includes a
processor 516 to execute a host OS. However, functionality
of system 200a and/or system 2005 may be variously
implemented by any of a variety of additional or alternative
hardware architectures, according to various embodiments.

A host bus of computer platform 500 is represented by an
illustrative PCle bus 520 coupled to AD module 512.
However, computer platform 500 may include any of a
variety of additional or alternative host buses, according to
various embodiments. The one or more I/O devices are
represented by an illustrative set of devices which are
variously coupled directly or indirectly to PCle bus 520.
More particularly, PCle bus 520 is shown coupling AD
module 512 to a disk controller 540—e.g. a host bus adapter,
RAID adapter and/or the like—which, in turn, couples a
storage 545 to PCle bus 520. In an embodiment, disk
controller 540 provides disk array controller functionality—
e.g. where storage 545 includes multiple data storage drives.
Disk controller 540 may, for example, support Serial
Advanced Technology Attachment (SATA), Serial Attached
SCSI (SAS), Fibre Channel (FC) or any of a variety of
additional or alternative interface standards for communi-
cating with one or more drives in storage 545.
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Additionally or alternatively, PCle bus 520 may, for
example, directly couple to one or more hard disk and/or
solid state drives, represented by an illustrative drive 550.
However, the /O devices of computer platform 500 which
are coupled to AD 512 via PCle bus 520 are not limiting on
certain embodiments, and may include any of a variety of
combinations of one or more additional or alternative I/O
devices. In an alternate embodiment, AD 512 is hardware
which is not “in-line” with a communication path between
processor 516 and PCle bus 520. For example, AD 512 may
provide aggregation functionality for configuring software
to handle message exchanges—e.g. where PCle bus 520 a
driver process executing in processor 516 exchange mes-
sages along a hardware communication path which is inde-
pendent of AD 512.

In an embodiment, host bus 520 is distinguished from a
memory bus system coupling the processor 516 to a main
memory—represented by an illustrative memory 570—for
storing current software state. For example, SoC 510 may
include or otherwise have access to memory controller
circuit logic (not shown) for controlling access to memory
570. In an embodiment, such access may be provided via a
communication path of computer platform 500 which is
independent of host bus 520.

In an embodiment, computer platform 500 may include
one or more additional host buses (not shown)—e.g. each
host bus directly coupled to AD 512. In such an embodi-
ment, logic associated with AD 512 may operate to provide
for representation of an aggregate device which includes
resources spanning devices across the multiple host buses.

Computer platform 500 may further include a network
interface 530—e.g. coupled directly or indirectly to 1/O
bridge 514, although certain embodiments are not limited in
this regard. Network interface 530 may, for example, couple
computer platform 500 to any of a variety of combinations
of networks including, but not limited to, one or more of a
dedicated storage area network (SAN), a local area network
(LAN), a wide area network (WAN), a virtual LAN
(VLAN), an Internet, and/or the like. Network interface 530
may, for example, include a wireless network interface, a
network interface card a wired or wireless network interface
card (NIC), a wired or wireless modem, a wired or wireless
receiver and/or transmitter, a wired or wireless transmitter-
receiver and/or transceiver, a radio frequency (RF) commu-
nication unit or transceiver, or other such unit able to
transmit and/or receive signals, blocks, frames, transmission
streams, packets, messages and/or data. Network interface
530 may include, or may be associated with, for example,
one or more antennas, e.g., a dipole antenna, a monopole
antenna, an omni-directional antenna, an end fed antenna, a
circularly polarized antenna, a micro-strip antenna, a diver-
sity antenna, or the like. In an embodiment, AD 512 may
include network interface 530 as part of an aggregated
device.

During operation, device resource information may be
exchanged within computer platform 500—e.g. the
exchange in aid of representing an aggregate device to a host
OS executing in processor 516. Such device resource infor-
mation may, for example, include enumeration information
having some or all of the features of resource information
350.

In an embodiment, enumeration information is retrieved
from non-volatile memory of computer platform 500—e.g.
as part of an enumeration process to identify physical
devices which are present on computer platform 500. Such
enumeration may, for example, be performed by boot-time
software (e.g. BIOS software, UEFI software and/or the
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like) executing on processor 516. The enumeration infor-
mation may include PCI configuration space data or any of
a variety of additional or alternative types of information
which, for example, are exchanged according to conven-
tional device enumeration techniques. The enumeration
information may represent AD 512 as a distinct physical
device—e.g. where the enumeration information includes a
device ID which is specific to AD 512. In an embodiment,
some or all of such enumeration information may also be
provided to a driver for AD 512—e.g. for the driver’s own
internal enumeration to detect for devices.

Additionally or alternatively, information exchanged
within computer platform 500 may include aggregation
information. In an embodiment, aggregation information is
retrieved from non-volatile memory of computer platform
500—e.g. by boot-time software executing on processor
516. The aggregation information may specify or otherwise
indicate that a particular combination one or more [/O
devices—e.g. including one or more of disk controller 540,
storage 545 and drive 550—are to operate as one or more
child devices of the represented aggregate device. Alterna-
tively or in addition, the one or more I/O devices to serve as
child devices may include a device on another platform (not
shown) which is networked with computer platform 500—
e.g. via a network interface card 560 of computer platform
500. Such a networked platform may, for example, share
with the host OS of computer platform 500 an address space
used in communications exchanged via PCle bus 520. AD
512 may serve, for example, as the parent device to such one
or more child devices.

Additionally or alternatively, information exchanged
within computer platform 500 may include allocation infor-
mation. In an embodiment, boot-time software determines—
e.g. by examining each device to be aggregated to determine
its resource requirements—an amount of resources of com-
puter platform 500 which should be allocated for operation
of the represented aggregate device. By way of illustration
and not limitation, such boot-time software may determine,
for each parent device and child device of a represented
aggregate device, a respective amount of address space in
the system memory map and/or other resources which that
device will require for operation. A total amount of resources
for all parent and child devices may then be determined by
the boot-time software. Based on that determined total
amount of resources, the boot-time software may issue a
request for the host OS to allocate resources for use by the
aggregate device.

In an embodiment, configuration of one or more compo-
nents in computer platform 500 may be based on device
aggregation information. For example, aggregation informa-
tion may determine at least in part a selective blocking of
communication via one or more ports on PCle bus 520. By
way of illustration and not limitation, aggregation informa-
tion may specify that a particular device—e.g. drive 550—is
to serve as a child device, where a bus driver or other
component of the host OS is to be prevented from enumer-
ating—e.g. receiving information indicating—that drive 550
is a distinct physical device which is present in computer
platform 500.

To prevent such enumeration, boot-time software, AD 512
and/or a driver process for AD 512 may implement hardware
and/or software mechanisms to block one or more types of
host OS enumeration communications on PCle bus 520
which directly address drive 550 and/or its corresponding
port on PCle bus 520. For example, AD 512 may contain
logic which examines all enumeration messages (or other
messages), wherein no such message may be issued to PCle
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bus 520 without first being examined. AD 512 may deter-
mine, based on information contained within the message,
such as the destination address and/or other information, that
a message should be blocked. AD 512 may, in lieu of a
response message generated by blocked disk controller 540,
drive 550, and/or similar device, issue its own response
message. The response message may contain information
stating that no such device is attached to PCle bus 520.

For example, drive 550 and/or the corresponding port on
PCle bus 520 may be hidden from PCI (or PCle) requests—
such as CF8W/CFCh and MMCFG requests—by which the
host OS might otherwise access enumeration information
specific to drive 550. In an embodiment, the PCle Root
Complex or other corresponding agent of computer platform
500 may generate a Master Abort in response to such
CF8h/CFCh and/or MMCFG access attempts. Accordingly,
a hidden child device may be made accessible to the host OS
only through an AD-aware driver.

FIG. 6 illustrates some elements of a computer platform
600 for providing device aggregation according to an
embodiment. Computer platform 600 may include some or
all of the features of computer platform 500, for example.

In an embodiment, computer platform 600 includes hard-
ware 610 and software 605 executing with a processor and
memory (not shown) of hardware 610. For example, soft-
ware 605 may include a host OS 625 to control operation of
one or more I/O devices which are coupled to a host bus 665
in hardware 610. By way of illustration and not limitation,
hardware 610 may include a device A 670a and a device B
6705 coupled via host bus 665 to AD 660. In an embodi-
ment, AD 660 and host bus 665 provide, respectively,
functionality corresponding to that of AD 512 and PCle bus
520. For example, AD 660 may provide some or all of the
functionality of AD 300.

The host OS 625, for example, may contain an OS [/O
stack 620 and an OS I/O interface 630. OS I/O stack 620
may include software logic for exchanging with applications
(not shown) information which is to be variously exchanged
via OS I/O interface 630 with one or more of device A 6704,
device B 6705 and AD 660. The host OS 625 may include
one or more additional components (not shown) such as a
memory manager, authentication handler, system call inter-
face, task scheduler, and/or the like.

To facilitate the exchange of such /O communications,
various embodiments provide an AD driver 640 of software
605 to support management of a volume which includes
resources spanning multiple devices variously coupled to
host bus 665. In an embodiment, AD driver 640 includes an
AD software module 642—i.e. a set of one or more driver
functions, methods or other such processes (and/or state
information in support thereof) specific to operating AD
660.

Alternatively or in addition, AD driver 640 may encap-
sulate one or more logical drivers to facilitate representation
of an aggregate device to the host OS. The one or more
logical drivers encapsulated by AD driver 640 may variously
provide respective driver mechanisms each for a different
1/0 device coupled to AD 660 via host bus 665.

By way of illustration and not limitation, AD driver 640
may encapsulate logical drivers 646a, 6465 which are to
variously drive device A 670a and device B 6705, respec-
tively. In an embodiment, AD software module 642 may
include or couple to AD host bus driver logic 644 for driving
operation of host bus 665 with AD 660. Such operation of
host bus 665 with AD 660 may, for example, be independent
of an OS host bus driver 650 of software 605.
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For example, logical drivers 646a, 6466 may be pro-
grammed to exchange information directly via OS 1/O
Interface 630, or similar interface. AD Driver 640 may
provide an identical or similar Logical Driver Interface (not
pictured) which, instead of exchanging information with the
OS /O Stack 620, exchanges information with other com-
ponents of AD Driver 640, such as AD Software Module
642. A compiler, linker, loader, and/or the like may statically
or dynamically link logical drivers 6464, 6465 to the Logical
Driver Interface instead of OS I/O Interface 630, thus
causing them to exchange information via the Logical
Driver Interface instead of the OS I/O Interface 630.

AD driver 640 may be used to provide device aggregation
across multiple devices including the AD 660 and one or
more I/O devices coupled to the AD 660 via host bus 665.
In an embodiment, one or more logical device drivers
encapsulated by AD driver 640 may each provide respective
functionality for I/O access to a corresponding child device.
A logical driver may, for example, present a storage volume
of a respective child device to AD driver 640, providing /O
access (e.g. read and/or write access) to that device. In an
embodiment, a logical driver may implement a communi-
cation standard—e.g. Advanced Host Controller Interface
(AHCI), Small Computer System Interface (SCSI), Non-
Volatile Memory Host Controller Interface (NVMHCI),
and/or the like—which is appropriate for communication
with a particular child device.

In an embodiment, AD driver 640 may implement Redun-
dant Array of Independent Disk (RAID) driver functional-
ity—e.g. without requiring changes to conventional func-
tionality of the host OS. The host OS may see only AD 660
as an owner of resources which are actually located in a
child device of AD 660. AD 660 and/or AD driver 640 may
assure that some or all communications to implement access
to a resource of such a child device appear to the host OS to
source from and/or sink to the AD 660.

By variously encapsulating one or more logical drivers,
AD driver 640 may operate to support a combining of N
(e.g. two or more) physical volumes of respective host bus
devices into M (e.g. one or more) logical volumes. AD
driver 640 may, in one or more respects, represent these one
or more logical volumes to the host OS 625 as if they were
each a physical volume—e.g. without providing the 1/O
manager layer of the host OS with direct visibility into an
underlying volume of a physical child device. A user may be
provided with a BIOS setup interface or other such means
for seeing properties (e.g. performance, capacity) of such a
physical I/O device and/or means for configuring aggrega-
tion of the I/O device.

AD 640 may control communication with one or more
child devices—e.g. through redirection and/or other modi-
fication of a communication to access a memory resource of
a child device. Functionality to support such modification of
a communication may be provided without requiring modi-
fication to a host OS which might otherwise—e.g. according
to conventional device management techniques—assign dis-
tinct device drivers per host bus device.

In an embodiment, some physical volumes are exposed to
system software by AD driver 640. However, one or more
other physical volumes are not directly exposed, but are
instead used as caches for the exposed volumes. Thus, I/O
to the physical volumes may also access hidden cache
volumes—e.g. where AD driver 640 is directly responsible
for tracking and managing cache state. AD driver 640 also
may expose to a user a means to view all physical volumes
and configure which volumes should be caches for others.
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In preparation for representing one or more logical vol-
umes to host OS 625, AD driver 640 may internally enu-
merate one or more host bus devices and/or identify an
enumerated device as being a child device which, for
management purposes, is owned by AD 660. AD driver 640
may selectively expose one or more resources of such child
devices to host OS 625—e.g. representing such resources to
the host OS as belonging to the AD 512 or other such
hardware of an AD.

Representation of the aggregate device may include and/
or be based upon a determination of which enumerated /O
devices of computer platform 600 are designated as child
devices. Control logic of the AD and/or logic of AD driver
640 may provide and/or operate based on aggregation infor-
mation which describes whether a host bus I/O device has
such a child device designation.

In an embodiment, software which executes during boot-
up operations (for brevity, referred to herein as “host soft-
ware”) of computer platform 600 may determine aggrega-
tion information stored, for example, in non-volatile
memory of computer platform 600. The aggregation infor-
mation may, for example, be previously programmed by a
user—e.g. via software which provides BIOS setup menu
options—although certain embodiments are not limited in
this regard. Such aggregation information may be loaded
into a flash memory component or other non-volatile storage
element—e.g. an Advanced Configuration and Power Inter-
face (ACPI) table or other such repository.

Based on such aggregation information, the boot-time
software may identify any I/O devices which are to operate
as child devices of the AD. Alternatively or in addition, the
boot-time software may determine from aggregation infor-
mation one or more ports of host bus 665 which are to be at
least partially blocked.

Based on such enumeration, the host software may con-
figure AD 660 to require an allocation of enough space in the
system memory map for all resources of the volume to be
managed. By way of illustration and not limitation, the host
software may compute a total of memory resources required
by all child devices—e.g. including resources required by
ports which are to be blocked to prevent host OS enumera-
tion or direct communication with the child devices. For
example, the boot-time software may determine respective
memory allocation requirements for each of child device of
the AD.

In an embodiment, representing an aggregate device to a
host OS includes providing mechanisms to represent inter-
rupt messaging and/or interrupt handling to the host OS as
being implemented at the aggregate device—e.g. rather than
being implemented at some underlying child device. Control
logic of the AD 660 and/or logic of AD driver 640 may
provide for such representation of interrupt messaging/
handling mechanisms.

Any of a variety of resources of computer platform
600—ec.g. a blocked port, a switch, a target storage device
and/or the like—may generate an error notification, a hot-
plug notification, a power state notification, or other event
notification which would normally be handled by the host
OS using bus driver 650. In an embodiment, one or more
mechanisms may provide for host bus 665 to instead issue
an interrupt to AD driver 640. Host bus 665 may, for
example, provide interrupt information for an event to AD
driver 640. Such events may be handled, for example, by AD
660 and/or a logical bus driver which is encapsulated by AD
driver 640—e.g. rather than being handled by OS host bus
driver 650 and/or host OS 625.
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In one embodiment, host software configures interrupt
messaging and/or handling for AD 660—e.g. during device
initialization. For example, host software may assign to AD
660 one or more interrupts to be received from system
software via the host OS I/O manager. Based on such an
assignment, AD driver 640 may be configured to execute a
particular interrupt handler when an assigned interrupt from
system software is detected. In an embodiment, AD 660 may
be configured with multiple interrupt vectors (e.g., in a
MSI-X table)—e.g. where one or more child devices each be
configured to variously generate a subset of such interrupt
vectors. Thus, AD driver 640 may track which interrupt
vectors may arrive from which child devices to identify
which logical device driver instances may expect which
interrupt vectors.

AD driver 640 and/or the host software may further
configure one or more child devices to provide interrupt
messaging/handling in cooperation with AD 660 (e.g. in
cooperation with AD driver 640). By way of illustration and
not limitation, information may be copied from the AD to a
child device—e.g. to a PCI configuration space of the child
device. For example, AD driver 640 may use interrupt table
entries (not shown) stored in AD 660—e.g. entries of a
message signaled interrupt (MSI) table such as an MSI-X
table—to assign interrupts to endpoint child devices that it
owns. For example, the AD-aware driver 640 may assign a
respective MSI-X vector to each managed endpoint device.
Based on MSI or other such interrupt configuration infor-
mation, the child device may issue interrupt messages which
system software interprets as coming from AD 660. In
response, system software may invoke AD driver 640 to
perform interrupt handling.

AD driver 640 may handle such an interrupt without
notifying software, such as an OS host bus driver 650
executing separately from AD driver 640, which might
otherwise handle such an interrupt if the child device were
enumerated by the host OS. In certain embodiments, such
interrupt handling may include AD driver 640 calling an
interrupt handler routine of a logical driver instance respon-
sible for the child device which issued the interrupt—e.g. by
invoking a corresponding Interrupt Service Routine (ISR) of
the logical driver. In an embodiment, the logical driver
instance executes under—e.g. is encapsulated by—AD
driver 640. The logical bus driver may handle the event—
e.g. without host OS 625 being made directly aware of the
child device’s involvement in the interrupt message and/or
handling.

In an embodiment, a child device may alternatively or
additionally be provided with an address in the system
memory map which is for use by interrupt redirect logic of
AD 660 (or of AD driver 640). In response to a child device
issuing an interrupt message to such an address, interrupt
redirect logic may provide an alternate interrupt message to
system software—e.g. in lieu of the original interrupt mes-
sage sent by the child device. By way of illustration and not
limitation, the alternate interrupt message may be a substi-
tute interrupt message or a modified version of the original
interrupt message. The alternate interrupt message may, for
example, have source information to represent the alternate
interrupt message to system software as being generated by
AD 660. Accordingly, the host OS may respond to such an
alternate interrupt message by performing a call to AD
driver 640 for interrupt handling. In an embodiment, AD
driver 640 may in turn invoke an interrupt handling routine
of a logical driver which is encapsulated by AD driver 640.

In an embodiment, if system software modifies an inter-
rupt configuration for AD 660—for example, to change
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which processor receives an interrupt—interrupt redirection
logic may automatically adjust its issuing of alternate inter-
rupt messages according to the new configuration. Alterna-
tively or in addition, if system software or AD driver 640
masks a particular type of interrupt, interrupt redirection
logic may stop issuing interrupt messages of that type until
the interrupt type is unmasked. Such interrupt redirection
logic may hold one or more child device interrupts as a
pending interrupt while the interrupt type is masked—e.g.
and subsequently issue one pending interrupt immediately
after the interrupt is unmasked.

In an embodiment where system software only supports
pin-based interrupts, a target child device may still be
configured with a message-based interrupt. For example,
when it receives an interrupt message from a child device,
the interrupt redirection logic may issue a pin-based inter-
rupt belonging to AD 660, thus causing the system software
to invoke interrupt handler logic via AD driver 640.

In one embodiment, multiple child devices may share one
or more interrupts. Accordingly, AD driver 640 may not be
able to determine, or may forego determining, a particular
logical device driver instance to handle an interrupt message
of a shared interrupt type. Rather, AD driver 640, in an
embodiment, resort to calling the respective interrupt han-
dlers of multiple logical driver instances which are each
associated with the shared interrupt type. In such an embodi-
ment, it may be the responsibility of each such logical device
driver instance to determine whether it should act on a
particular interrupt.

Under conventional device management techniques, cer-
tain event notices cause system software to re-enumerate an
entire hierarchy of devices and/or cause the host OS to halt.
By contrast, use of functionality of the AD to hide child
devices from the host OS allows re-enumeration to be
limited to only a subset of the hierarchy. Additionally or
alternatively, such functionality may allow the host OS to
run continuously while events are being handled.

FIG. 7 illustrates elements of a memory mapping 700 in
a computer platform for device aggregation according to an
embodiment. In an embodiment, the computer platform
includes one or more I/O devices—represented by an illus-
trative device A 750a and device B 7505—coupled to a
system (for brevity, referred to herein as a host) of the
computer platform which, for example, implements some or
all of the functionality of system 200a or system 2005. By
way of illustration and not limitation, device A 750a and
device B 75056 may be coupled via a host bus (not shown)
to AD of the host—e.g. the AD to provide some or all of the
functionality of AD 300. The computer platform may,
according to different embodiments, include any of a variety
of combinations of one or more additional or alternative I/O
devices coupled via a host bus to such AD.

The computer platform may execute a host OS (not
shown) including an /O manager—e.g. providing some or
all of the functionality of OS I/O stack 620 and OS 1/O
interface 630—to request /O access to resources of one or
more devices coupled to the host bus. In an embodiment, a
representation of an aggregate device is made, in one or
more respects, to the host OS, wherein a resource of the AD,
and a resource of one or more other devices coupled to the
AD via the host bus, are both represented to the host OS as
residing on the aggregate device.

In an embodiment, the host OS includes or otherwise has
access to AD memory mapped /O (MMIO) 710—informa-
tion describing a mapping of a set of addressable locations
in system memory to the represented aggregate device.
Based on such information, the host OS may direct /O
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access requests to addressable locations represented in AD
memory mapped /O 710, where such [/O access requests
are for access to the aggregate device. The host OS may have
access to additional memory mapping information (not
shown)—e.g. for accessing a device (logical or physical)
other than the aggregate device—although certain embodi-
ments are not limited in this regard.

Of the set of addressable locations represented in AD
MMIO 710, subsets of the addressable locations may, in an
embodiment, correspond to different respective devices
which underlie the represented aggregate device. By way of
illustration and not limitation, AD MMIO 710 may include
AD-specific MMIO 712—i.e. information describing
MMIO for accessing a resource which physically resides
within the AD. Alternatively or in addition, AD MMIO 710
may include Device AMMIO 714—i.e. information describ-
ing MMIO for accessing a resource which physically resides
within Device A 750a. Alternatively or in addition, AD
MMIO 710 may include Device B MMIO 716—i.e. infor-
mation describing MMIO for accessing a resource which
physically resides within Device B 7505.

The host OS may be unable to determine in one or more
respects that the aggregate device is actually a device
comprised of resources of multiple underlying physical
device. For example, the /O manager may target an /O
request to an address represented in Device A MMIO 714
independent of any information which might identify Device
A 7504 as being a distinct device coupled to the host bus.
Alternatively or in addition, the I/O manager may target an
1/O request to an address represented in Device B MMIO
716 independent of any information which might identify
Device B 7505 as being a distinct device coupled to the host
bus.

Logic associated with the AD—e.g. the AD itself and/or
a driver corresponding to the AD—may include or otherwise
have access to information for use in representing the AD to
the host OS.

For example, the AD may include AD configuration space
730 to store configuration information specific to the AD—
e.g. an illustrative class code 735 classifying one or more
aspects of the AD. Such information may, for example,
describe the AD according to conventions set forth in PCI,
PCle or other such standards. By way of illustration and not
limitation, AD configuration space 730 may store vendor ID,
device 1D, bus/device/function (BDF) information, base
address register (BAR) information and/or the like. Infor-
mation in AD configuration space 730 may be communi-
cated to the host OS—e.g. to identify the AD as a device on
the computer platform.

Device A 750a may include storage comprising configu-
ration space 752a and registers 754a. Configuration space
752a may, for example, store configuration information
specific to device A 750a, the configuration information
classifying one or more aspects of device A 750a. Informa-
tion stored in configuration space 7524 may, for example, be
similar by type to that stored in AD configuration space 730.
In an embodiment, device A 750a includes one or more
additional registers 754a—e.g. where operation of device A
750a according to a configuration described in configuration
space 752a is to implement an I/O access of one or more of
registers 754a.

Additionally or alternatively, device B 75056 may include
storage comprising configuration space 7525 and registers
754b. Configuration space 752b may, for example, store
configuration information specific to device B 7505, the
configuration information classifying one or more aspects of
device B 75056. Information stored in configuration space



US 9,460,040 B2

17

752b may, for example, be similar by type to that stored in
AD configuration space 730. In an embodiment, device B
7505 includes one or more additional registers 754b—e.g.
where operation of device B 75056 according to a configu-
ration described in configuration space 7525 is to implement
an I/O access of one or more of registers 754b.

The logic associated with the AD may further include or
otherwise have access to information for use in representing
resources of one or more I/O devices to the host OS as
belonging to an aggregate device. By way of illustration and
not limitation, the AD may include AD register space 740 to
store, for example, its own internal memory mapping infor-
mation. AD register space 740 may store information which
corresponds one or more addresses of system memory each
to respective location in an I/O device—e.g. one or device
A 750a and device B 7505. Based on memory mapping
information in AD register space 740, the AD and/or its AD
driver may direct [/O exchanges between a logical driver
and its corresponding 1/O device coupled to the host bus of
the computer platform.

For example, memory mapping information in AD reg-
ister space 740 may specify or otherwise indicate that one or
more addressable locations of system memory are each to
serve as a respective proxy (referred to herein as an aperture)
for accessing a corresponding resource of an underlying
physical host bus device.

For example, AD register space 740 may specify one or
more configuration apertures each for accessing a respective
configuration space of an I/O device. By way of illustration
and not limitation, AD register space 740 may describe a
device A configuration aperture 742a and a device B con-
figuration aperture 74256 by which the host OS accesses,
respectively, configuration space 752a and configuration
space 752b.

Additionally or alternatively, AD register space 740 may
specify one or more register apertures each for accessing a
respective register space of an /O device. By way of
illustration and not limitation, AD register space 740 may
describe a device A register aperture 744a and a device B
register aperture 7445 by which the host OS accesses,
respectively, registers 754a and registers 7545.

In an embodiment, an attempt by a logical driver to access
a resource of the represented aggregate device using a
particular address in system memory will result in the AD
identifying a particular aperture—e.g. including identifying
the corresponding resource of an I/O device which the
aperture associates with that address.

In an illustrative scenario, a logical driver may issue a
request for an access a location 720 in system memory,
based on the AD MMIO 710 associating the location 720
with a resource of the represented aggregate device. The
location memory may, for example, correspond to a resource
of' device A 750a, although the host OS may not be aware of
such correspondence. Logic associated with the AD may
determine that location 720, the target address of the /O
request, is associated with a particular aperture—e.g. device
A configuration aperture 742a. Accordingly, the logic may
modify, redirect, directly forward or otherwise operate on
the I/O request to communicate the requested access to the
corresponding resource—in this case, a resource in configu-
ration space 752a.

In another illustrative scenario, a logical driver may issue
a request for an access a location 725 in system memory,
based on the AD MMIO 710 associating the location 725
with a resource of the represented aggregate device. The
location memory may, for example, correspond to a resource
of device B 7504, although the host OS may not be aware
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of such correspondence. Logic associated with the AD may
determine that location 725, the target address of the 1/O
request, is associated with a particular aperture—e.g. device
B register aperture 7445b. Accordingly, the logic may modify,
redirect, directly forward or otherwise operate on the I/O
request to communicate the requested access to the corre-
sponding resource—in this case, a resource in registers
754b.

Techniques and architectures for managing resources of a
computer platform are described herein. In the above
description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough under-
standing of certain embodiments. It will be apparent, how-
ever, to one skilled in the art that certain embodiments can
be practiced without these specific details. In other
instances, structures and devices are shown in block diagram
form in order to avoid obscuring the description.

Reference in the specification to “one embodiment” or
“an embodiment” means that a particular feature, structure,
or characteristic described in connection with the embodi-
ment is included in at least one embodiment of the invention.
The appearances of the phrase “in one embodiment” in
various places in the specification are not necessarily all
referring to the same embodiment.

Some portions of the detailed description herein are
presented in terms of algorithms and symbolic representa-
tions of operations on data bits within a computer memory.
These algorithmic descriptions and representations are the
means used by those skilled in the computing arts to most
effectively convey the substance of their work to others
skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of steps leading
to a desired result. The steps are those requiring physical
manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or
magnetic signals capable of being stored, transferred, com-
bined, compared, and otherwise manipulated. It has proven
convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements,
symbols, characters, terms, numbers, or the like.

It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the discussion herein, it is appreciated that
throughout the description, discussions utilizing terms such
as “processing” or “computing” or “calculating” or “deter-
mining” or “displaying” or the like, refer to the action and
processes of a computer system, or similar electronic com-
puting device, that manipulates and transforms data repre-
sented as physical (electronic) quantities within the com-
puter system’s registers and memories into other data
similarly represented as physical quantities within the com-
puter system memories or registers or other such informa-
tion storage, transmission or display devices.

Certain embodiments also relate to apparatus for perform-
ing the operations herein. This apparatus may be specially
constructed for the required purposes, or it may comprise a
general purpose computer selectively activated or reconfig-
ured by a computer program stored in the computer. Such a
computer program may be stored in a computer readable
storage medium, such as, but is not limited to, any type of
disk including floppy disks, optical disks, CD-ROMs, and
magnetic-optical disks, read-only memories (ROMs), ran-
dom access memories (RAMs) such as dynamic RAM
(DRAM), EPROMs, EEPROMSs, magnetic or optical cards,
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or any type of media suitable for storing electronic instruc-
tions, and coupled to a computer system bus.

The algorithms and displays presented herein are not
inherently related to any particular computer or other appa-
ratus. Various general purpose systems may be used with
programs in accordance with the teachings herein, or it may
prove convenient to construct more specialized apparatus to
perform the required method steps. The required structure
for a variety of these systems will appear from the descrip-
tion herein. In addition, certain embodiments are not
described with reference to any particular programming
language. It will be appreciated that a variety of program-
ming languages may be used to implement the teachings of
such embodiments as described herein.

Besides what is described herein, various modifications
may be made to the disclosed embodiments and implemen-
tations thereof without departing from their scope. There-
fore, the illustrations and examples herein should be con-
strued in an illustrative, and not a restrictive sense. The
scope of the invention should be measured solely by refer-
ence to the claims that follow.

What is claimed is:

1. A device for operation in a computer platform, the
device comprising:

a first interface to couple the device to a host bus of the
computer platform, the host bus to provide communi-
cations referencing a shared address space, wherein the
first interface to couple the device via the host bus to a
first input/output (I/0) device;

an aggregation control unit including circuit logic to
receive resource information generated by a pre-boot
software process of the computer platform, wherein the
resource information is to identify the first /O device
as a child device of the device, wherein, based on the
first [/O device being identified by the resource infor-
mation as the child device, the aggregation control unit
to represent a first resource in the first [/O device to a
host operating system (OS) of the computer platform as
a resource that resides in the device, including the
aggregation control unit to represent a first address in
the shared address space to the host OS as addressing
the first resource, wherein memory map information is
to identify the first address to the host OS as an address
of the device, and wherein a communication of enu-
meration information is to be blocked to prevent an
identification of the first I/O device, by the host OS, as
a physical device that is distinct from the device; and

a second interface to provide communications between
the aggregation control unit and a processor core
executing the host OS.

2. The device of claim 1, wherein the resource informa-
tion includes information associated with the first 1/O
device, and wherein the aggregation control unit to represent
the first resource to the host OS includes the aggregation
control unit to represent the first resource with a device
driver for the device, including the aggregation control unit
to provide the information associated with the first I/O
device to the device driver for the device.

3. The device of claim 2, wherein the device driver is to
encapsulate a logical device driver for the first I/O device.

4. The device of claim 2, wherein the device driver
includes driver logic to operate the host bus.

5. The device of claim 1, wherein the aggregation control
unit includes logic to perform an access of the first I/O
device, wherein the access is in response to an 1/O request
from the host OS, wherein the I/O request targets the first
address.
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6. The device of claim 1, wherein the device and a device
driver for the device are to operate to block an enumeration
request of the host OS to prevent an identification of the first
1/0O device as being a distinct physical device of the com-
puter platform.

7. The device of claim 1, wherein the first I/O device
includes an interrupt mechanism, and wherein the device
and the device driver are to represent the interrupt mecha-
nism to the host OS as a mechanism of the device.

8. The device of claim 1, wherein the first I/O device is
configured send to the host OS an event notification includ-
ing information that represents the event notification as
originating at the device.

9. A method at an aggregation device of a computer
platform, the method comprising:

receiving resource information generated by a pre-boot

software process of the computer platform, wherein the
aggregation device is coupled to a first input/output
(I/0) device via a host bus that provides communica-
tions referencing a shared address space, wherein the
aggregation device is further coupled to a processor
core of the computer platform executing a host oper-
ating system (OS), the resource information identifying
the first I/O device as a child device of the aggregation
device; and

based on the received resource information, representing

a first resource in the first I/O device to the host OS as
residing in the aggregation device, including represent-
ing a first address in the shared address space to the host
OS as addressing the first resource, wherein memory
map information identifies the first address to the host
OS as an address of the aggregation device, wherein a
communication of enumeration information is blocked
to prevent an identification of the first [/O device, by
the host OS, as a physical device that is distinct from
the aggregation device.

10. The method of claim 9, wherein the resource infor-
mation includes information associated with the first 1/O
device, and wherein representing the first resource to the
host OS includes representing the first resource with a
device driver for the aggregation device, including provid-
ing the information associated with the first I/O device to the
device driver for the aggregation device.

11. The method of claim 10, wherein the device driver
encapsulates a logical device driver for the first I/O device.

12. The method of claim 10, wherein the device driver
includes driver logic that operates the host bus.

13. The method of claim 9, further comprising performing
an access of the first I/O device, wherein the access is in
response to an 1/O request from the host OS targeting the
first address.

14. The method of claim 9, further comprising blocking
an enumeration request of the host OS to prevent an iden-
tification of the first I/O device as being a distinct physical
device residing on the computer platform.

15. The method of claim 9, wherein the first /O device
includes an interrupt mechanism, and wherein the aggrega-
tion device and the device driver are to represent the
interrupt mechanism to the host OS as residing in the
aggregation device.

16. The method of claim 9, wherein the first /O device
sends to the host OS an event notification including infor-
mation representing the event notification as originating at
the aggregation device.

17. A non-transitory computer-readable storage medium
having stored thereon instructions which, when executed by
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one or more processing units, cause the one or more pro-
cessing units to perform a method comprising:

with a device driver for an aggregation device of a

computer platform:

receiving resource information generated by a pre-boot
software process of the computer platform, wherein
the aggregation device is coupled to a first input/
output (I/O) device via a host bus that provides
communications referencing a shared address space,
wherein the aggregation device is further coupled to
a processor core of the computer platform executing
a host operating system (OS), the resource informa-
tion identifying the first I/O device as a child device
of the aggregation device; and

based on the received resource information, represent-
ing a first resource in the first /O device to the host
OS as residing in the aggregation device, including
representing first address in the shared address space
to the host OS as addressing the first resource,
wherein memory map information identifies the first
address to the host OS as an address of the aggre-
gation device, wherein a communication of enu-
meration information is blocked to prevent an iden-
tification of the first I/O device, by the host OS, as a
physical device that is distinct from the aggregation
device.

18. The computer-readable storage medium of claim 17,
the method further comprising encapsulating in the driver
for the aggregation device a logical device driver for the first
1/O device.

19. The computer-readable storage medium of claim 17,
further comprising encapsulating driver logic to operate the
host bus in the device driver for the aggregation device.

20. The computer-readable storage medium of claim 17,
the method further comprising performing an access of the
first I/0 device in response to an I/O request from the host
OS targeting the first address.

21. The computer-readable storage medium of claim 17,
wherein the aggregation device and a device driver for the
aggregation device are to operate to block an enumeration
request of the host OS to prevent an identification of the first
1/0 device as being a distinct physical device residing on the
computer platform.

22. The computer-readable storage medium of claim 17,
wherein the first 1/O device includes an interrupt mecha-
nism, and wherein the aggregation device and the device
driver are to represent the interrupt mechanism to the host
OS as residing in the aggregation device.
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23. The computer-readable storage medium of claim 17,
wherein the first [/O device is configured send to the host OS
an event notification including information representing the
event notification as originating at the aggregation device.

24. A method in a computer platform, the method com-
prising:

during pre-boot operation of the computer platform:

determining a configuration for an aggregation device
of the computer platform, the aggregation device
coupled to a first input/output (I/O) device via a host
bus that provides communications referencing a
shared address space, the aggregation device further
coupled to a processor core of the computer platform
for executing a host operating system (OS);

generating resource information to implement the
determined configuration of the aggregation device;
and

providing the resource information to the aggregation
device, wherein the aggregation device, based on the
provided resource information, represents a first
resource in the first /O device to the host OS as
residing in the aggregation device, wherein the
aggregation control unit represents a first address in
the shared address space to the host OS as addressing
the first resource, wherein memory map information
identifies the first address to the host OS as an
address of the aggregation device, wherein a com-
munication of enumeration information is blocked to
prevent an identification of the first I/O device, by
the host OS, as a physical device that is distinct from
the aggregation device.

25. The method of claim 24, wherein determining the
configuration for the aggregation device includes identifying
that the first I/O device is to operate as a child device of the
aggregation device.

26. The method of claim 24, wherein generating the
resource information includes determining a total amount of
resources required for an aggregate device, wherein the
aggregation device is a parent device of the aggregate device
and the first I/O device is a child device of the aggregate
device.

27. The method of claim 26, wherein providing the
resource information to the aggregation device is to config-
ure the aggregation device to request from the host OS an
allocation of the total amount of resources.
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